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The Relationship Between the Indian Ocean Sea Surface Temperature Anomaly
and the Onset of South China Sea Summer Monsoon. I. Coupling Analysis
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Abstract The relationship between the Indian Ocean sea surface temperature anomaly (SSTA) and the onset of
South China Sea summer monsoon (SCSSM) has been analyzed with 1953 = 1998 Reynolds & Smith monthly sea
surface temperature (SST) as well as NCEP/NCAR monthly re-analysis data based on Empirical Orthogonal Func-
tion (EOF), the new statistical method CSVD (Conditional Singular Value Decomposition) and CCSVD (Confeder-
ate Conditional Singular Value Decomposition). EOF analysis results show that there exist two major patterns of In-
dian SSTA during all the seasons, one is called the unipole mode which is closely related to ENSO, the other is
called the southern Indian Ocean Dipole mode (SIODM). These two modes perform with obvious interdecadal varia-
tion. In order to distinguish the impact of ENSO on the Indian Ocean SSTA, Conditional Singular Value Decomposi-
tion/ Confederate Conditional Singular Value Decomposition methods are applied in this study. The results show
with the influence of ENSQO, positive (negative) unipole pattern of the Indian Ocean SSTA is one of the major affect-
ing patterns that will lead to the late (early) onset of SCSSM. Without the influence of ENSO, none ENSO unipole
pattern and SIODM pattern are in order the two major affecting patterns: negative (positive) none ENSO unipole

pattern may contribute to the early (late) onset of SCSSM, while negative (positive) SIODM pattern plays a role in
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the early (late) onset of SCSSM.

Key words the Indian Ocean, sea surface temperature anomaly (SSTA), the South China Sea summer monsoon

(SCSSM), early or late onset
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Fig. 1 The first two leading modes and related time coefficients of EOF analysis of the winter Indian Ocean sea surface temperature (SST) :

(a) Spatial distributions of the first mode; (b) time coefficients of the first mode; (c) spatial distributions of the second mode; (d) time co-

efficients of the second mode

o RS U R A A 1 DL KRB R, SR B
S —Fi R B RE TR AR A, B AR GE DL ALV R P
Y JH RS, ARIE DARE . FEHIJE 10°S LA, DA
—PHIb- AR FE ) o B AR B, AR PU R I I R T A
S o A B BE T R R U L B T A S 5 R E DL AL A
A, fE 0 PUERIAR S, (H oM IE. POZRIE(HIX Y
KAE ML TRFENETE (30°S~40°S, 70°E~80°E),
HAAEERK, k5] 0.09 LI F, HEREAN, b
HHE 0.06, &, K. B =FRMEX KM
PTG R ENEETE (10°S~25°S, 90°E~110°E),

PR WG . 7T (5°S~20°S, 70°E~90°E),
BB E X R B m g i, o B i —
0.06, MMiHAh =2 HikF]—0.04, FHIN, MK
BRSAE E. aT DU R Saji e X
EIE VAR T (Indian Ocean Dipole Mode, fijFx
IODM) FFfiE, il 146 . A7 EDEEVEVEHB (5°S~
5°N, 70°E~90°E) (1% ¥ 2 FE I F- 7 e o5 18 B B2
PEZRER (10°S~0°, 90°E~110°E) 14 & 1 3 i -
FEAE “BRBAR” MBS, HXFIIIR R (9~11
) W, X 5ARGHRE IS 25 R IR — 3



41 PEETE . HUETERRT W Mg R Z XSRS R L ARG
No. 4 LIANG Zhao-Ning et al. The Relationship Between the Indian Ocean Sea Surface Temperature . .. 623
30°N (b)
25°N 20-
20°N
15°N _ 151
10°N 5
]
5°N+ % 10 1
=]
EQA 3
5951 £ 51
R =
10°S = 0
15°S+ W&
oc =
20°S = 5
25°S4
30°5 10
0Q
35 S.O
40°S D NAAWANE e ) NV 2 Ay e,
30°E 40°E S0°E 60°E 70°E 80°E 90°E100°E110°E120°E 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995
FE4 Year
ONJ 8
30°N )
25°NH 6
o .
20°N 4 -
15°N- ~
10°N EES
5°N £ 0 i i Y
[=]
EQA S 2 \/ \/\
0Q
5 =N
10°S k ®
15°S+ W
20°S4 .t % -8
25°S4
30°8 107
3598 /\/ 121
40°S- 04 /IO~06/|\ II\

30°FE 40°E 50°E 60°E 70°E 80°E 90°E100°E110°E120°E

B2 [FE L, HhHFE
Fig. 2 The same as Fig. 1, but for spring
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FR2 1953~1998 F£H]E (3~4 A) ENE¥BRIEFI 5 A 850 hPa, 200 hPa —# X317 L & 500 hPa 5 EFi7 i SVD (Bt &

SVD) RI=MRENTER

Table 2 Results of the SVD and combination SVD analysis of the early spring (Mar and Apr) Indian Ocean SST and horizontal

wind field at 850 hPa, 200 hPa and geopotential height field at S00 hPa in May

Uk S SVD (A SVD) s R B 1 A2 RS 3
Scheme SVD (CSVD) analysis First mode Second mode Third mode
R (2 5 850 hPa —4eWdg (i) J5 % 5tk SCF 52.0923 17. 2468 6.3236
SST (left field) and horizontal wind field Zit )5 25k CSCF 52.0923 69. 3391 75. 6627
at 850 hPa (right field ) HH5% 2% Correlation coefficien 0. 8091 0. 8235 0. 8051
R (IE3) 5 200 hPa —4EX 35 CH3%) Ji 2Z sk SCF 64. 5492 14. 6252 4. 9595
SST (left field) and horizontal wind field at it Z ik CSCF 64. 5492 79. 1744 84.1338
200 hPa (right field) & 2% Correlation coefficient 0. 7100 0.7534 0. 6575
R (53 5 500 hPa &2 () Ji 25tk SCF 96. 8486 0. 9497 0. 7015
SST (left field) and geopotential height field Bty Z ik CSCF 96. 8486 97. 7983 98. 4998
at 500 hPa (right field) }H& £ %k Correlation coefficient 0. 8414 0. 6585 0. 6604
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Fig. 5 Combined SVD modes and related time coefficients of the Indian Ocean SST in early spring (Mar and Apr) and wind field at 850 hPa:

(a) Spatial pattern of the Indian Ocean SST; (b) spatial pattern of wind field at 850 hPa; (c¢) the variation of time coefficients.
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Table 3 Results of the CSVD of the Indian Ocean SST in early spring (Mar and Apr) and horizontal wind field at 850 hPa and
200 hPa, geopotential height at 500 hPa in May (from 1953 to 1998)

Uik S CSVD (4 CSVD) 434t A1 s 2 B 3

Experiment CSVD (Combine CSVD) result First mode Second mode  Third mode
iR (Z53%) 5 850 hPa —4E 3% (£53%) 7 2= vk J7 225tk SCF 41. 2683 20. 7924 9. 0987
SST (left field) and horizontal wind field at 850 hPa B3y 2251k CSCF 41. 2683 62. 0630 71.1617
(right field ) FH % 2%k Correlation coefficient 0. 8479 0. 8344 0. 7679
IR (28 5 200 hPa 4R35 (51%) 75 22 5iHk SCF 52. 8061 14. 9268 7.8402
SST (left field) and horizontal wind field at 200 hPa FiJy 25tk CSCF 52. 8061 67. 7329 75.5731
(right field) H1 Z B Correlation coefficient 0. 7109 0. 7450 0. 6679
WE (K3 5 500 hPa &l () J5 2 5tk SCF 91. 4982 2. 4487 1. 8283
SST (left field ) and geopotential height field (right Bty Z ik CSCF 91. 4982 93. 9468 95. 775
field) F}H5& &%k Correlation coefficient 0. 7804 0. 6303 0.7148
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Fig. 8 CCSCD modes and related time coefficients of the Indian Ocean SST in early spring (Mar and Apr) and wind field at 850 hPa in May:
(a) CCSVD spatial pattern of SST mode one; (b) SVD spatial pattern of mode one for wind field; (c¢) the variation of time coefficients of
mode 1; (d) CCSVD spatial pattern of SST mode 2; (e) CCSVD spatial pattern of mode 2 for wind field at 850 hPa; (f) the variation of time

coefficients of mode 2
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